Eleven tryptophan-requiring mutants of Rhizobiumjaponicum 1-110 ARS were isolated after nitrous acid mutagenesis and fell into five groups based on characterization by supplementation with intermediates and enzyme assays. University, Raleigh, 1972). This was the rationale for using higher levels of amino acid supplementation than ordinarily used for other bacteria and may be an explanation for the high requirement for tryptophan in the medium by R. japonicum auxotrophs compared with other bacteria.
for chemical mutagenesis of R. japonicum was modified from that described by Kaudewitz (8) . The 1E HM salts diluent and AlE HM medium have been described previously (9) . Cells were harvested front 6-day-old stationary-phase cultures by centrifugation at 12,000 x g for 10 min, washed once in 0.1 M acetate buffer (pH 4.6), and then restispended in one-fourth the original volume of freshly prepared acetate buffer containing 0.05 M sodium nitrite. After 30 min of exposure at 25°C to nitrous acid, 4 volumes of 1E HM salts was added to slow the reaction, and the cells were immediately pelleted and then suspended in AlE HM salts medium containing 100 ,ug of tryptophan per ml. Survival was 10' relative to the viable count of the untreated culture. Tryptophan atixotrophs were identified among the survivors by replica plating of colonies which developed after 7 days on HM salts containing 0.1% arabinose and 100 ,ug of tryptophan per ml to minimal medium of the same composition with and without tryptophan. Screening of 20,000 survivors yielded 30 putative Trp-auxotrophs, 11 of which proved to be nonleaky and were saved; these were maintained on AiE agar slants containing 100 ,ug of tryptophan per ml. Auxotrophs were tested for growth on medium containing 500 ,ug of rifampin and 1 mg of streptomycip per ml to confirm their status as derivatives of strain I-110 ARS.
The growth response of tryptophan auxotrophs of R. japonicum in HM salts broth con-taining 0.1% arabinose, 0.05% acid-hydrolyzed casein (AHC), and -various concentrations of tryptophan was measured over a period of 7 days, using nephelometer flasks and a Klett colorimeter (red filter). Growth responses of the auxotrophs on HM salts (pH 6.6) containing 0.1% arabinose, 0.05% AHC, and 1.5% agar (Difco Laboratories) with various concentrations of tryptophan were examined. The tryptophan auxotrophs fell into two groups based on whether 50 or 100 ,ug of tryptophan per ml was required for 1-mm colonies to be formed on agar medium after 7 days of incubation ( Table 1) .
The supematants of cultures grown in HM salts containing 0.1% arabinose and 50 ,ug of tryptophan per ml were tested for the accumulation of intermediates. The presence of anthranilate was determined by a yellow-orange fluorescence under a UV light at 340 nm; indole glycerol phosphate was determined by the FeCI3 reagent (16); and indole was determined by the method of Creighton and Yanofsky (1). HM salts agar plates supplemented with 100 ,ug of anthranilate, indole, or tryptophan per ml (each added to sterile molten agar medium from filter-sterilized stock solutions) were streaked with the auxotrophs to locate the lesion in the pathway from the ability of the auxotroph to grow on specific intermediates. The 11 mutants could be Cells to be used for the preparation of cell-free extracts for enzyme assays were grown in HM salts medium containing 50 p,g of tryptophan per ml, 0.1% arabinose, and 0.05% AHC. These cultures were incubated at 30°C on a shaker at 150 rpm for 72 h. The cells were harvested and washed in HM salts by centrifugation at 4,000 x g at 4°C for 30 min. The pellets were then suspended in 5 ml of 15% glycerol (vol/vol) in 1 M KPO4 buffer (pH 6.6)-1.0 mM mercaptoethanol-0.1 mM pyridoxal-5-phosphate (7) . The suspension was then sonicated four times for 30-s intervals with a 30-s rest between each blast with a Heat Systems sonicator. The cell sonicate was then centrifuged at 43,000 x g (4°C) in an SS34 rotor for 10 to 15 min to remove cellular debris.
Protein was determined by the method of Lowry et al. (13) , using bovine serum albumin type F (Sigma Chemical Co.) as a standard. Anthranilate synthase activity was assayed as described by Gibson and Gibson (4) . Anthranilate phosphoribosyl transferase activity was followed by measuring the initial rate of decrease in fluorescence accompanying anthranilate conversion to phosphoribosyl anthranilate (1) . The phosphoribosyl anthranilate isomerase activity was assayed by measuring the decrease in fluorescence in the presence of excess phosphoribosyl transferase obtained from Pseudomonas putida S-21 extract as described by Hoch et al. (6) . Indole glycerol phosphate synthetase assays were performed as described by Yanofsky and Smith (16). Carboxyphenylamino deoxyribulosephosphate (CdRP) was prepared by the method of Creighton and Yanofsky (1) and stored under ethyl acetate at -15°C. The assay of tryptophan synthetase A activity was attempted by monitoring colorimetrically the production of indole from indole glycerol phosphate as described by Hoch (2) . Assay of enzyme activities in cell-free extracts permitted the assignment of 10 of the 11 tryptophan auxotrophs to five distinct classes ( Table 1) . One of the mutants, TA7, was not examined because of problems with viability. Each of the other three mutants capable of growth on anthranilate (TA3, TA4, and TA9) lacked anthranilate synthetase activity. All other enzyme activities in these mutants were similar to those found in the wild-type parent strain except for a very low activity of phosphoribosyl anthranilate isomerase found in strain TA4. Strain TA8 was unusual in that it grew very sparsely on anthranilate and lacked detectable activities in three enzymes; only high phosphoribosyl transferase activity and low phosphoribosyl anthranilate isomerase activities were detected; a regulatory gene mutation is indicated.
Two of the three mutants that grew on indole, TA5 and TA6, were deficient in phosphoribosyl transferase activity since they had only about one-fifth the activity found in the parent strain. Mutant strain TA6 also had a very low activity of indole glycerol phosphate synthetase. The third mutant strain that grew on indole, TAll, was found to specifically lack indole glycerol phosphate synthetase activity.
The three mutants (TA1, TA2, and TA10) that did not grow on indole and accumulated indole glycerol phosphate were confirmed as tryptophan synthetase mutants since they lacked tryptophan synthetase B activity while exhibiting other enzyme activities comparable to those in the parent strain.
Studies are currently in progress to assess the importance of the ability to synthesize indole in nodulation since only those three tryptophan auxotrophs with defects specifically in tryptophan synthetase are capable of forming nodules from which auxotrophs can be isolated.
